Reactive oxygen intermediates (free oxygen radicals)
During aerobic metabolism small quantities of free oxygen radicals are generated inside the cells and may cause lethal damage to parasites that happen to be present within the cells. In addition damage to the cells themselves may occur -lipid peroxidation. This could be called oxidant stress. Some of the radicals may escape from the cells and cause damage in the immediate vicinity. Capillary endothelial cells may thus sustain damage from free oxygen radicals generated within leucocytes.
Oxidant stress is caused by superoxide (02-) , hydrogen peroxide (H20 2), and the extremely devastating hydroxyl radical ( OH). The destructive ability of these agents is due to the subtraction of one electron from the outer shell of the oxygen atom, rendering it unstable and destructively reactive. The hydroxyl radical is extremely unstable, and thus it ravages indiscriminately an electron from the first molecule it impinges on. The deprived molecule, if not destroyed, becomes a radical itself, grabing the next electron from a molecule it collides with and thus sets off a chain reaction. This chain reaction proceeds until a radical scavenger is encountered. Most biological generated free radicals come from oxygen, but many other compounds formed during the metabolism of pharmacological agents are known to behave similarly. Lipid peroxidation contributes to the tissue damage caused by inflammation and occurs more extensively when certain receptors on the surface of leucocytes (e.g. Fc receptors for antigen -antibody complexes) are activated. Iron chelation and addition of radical scavengers can ameliorate these events.
Aerobic organisms are equipped with a series of defence mechanisms against these free radicals: the gluthathione system, superoxide dismutase (SOD), catalase and radical scavengers -mainly vitamin E.
Oxidant stress is thus effectively contained under normal circumstances. Transformation of hydrogen peroxide (H20 2) into OH and water is catalysed by ferrous (Fe+ 3 ) iron. Iron chelation can thus curb the generation of free oxygen radicals. Soni and Cox's work (1975) , which suggested a role of immune complexes and complement activation in the pathogenesis of malaria, is thus of considerable relevance. @ by Wichtig Editore, 1988 0391-3988/65-04 $01.00/0
The hazard of malarial nephropathy Lymphokines released from antigen-stimulated memory T-cells also induce phagocytes to release free oxygen radicals and would thus participate in nonphagocytic monocyte-induced killing of P. falciparum during the phase of immune response. Certain products of radical-induced lipid peroxidation (e.g. malonyldialdehyde) can cause damage distant from where they are formed.
Tissue damage typical of human P. falciparum infections was absent in P. falciparum infected Aotus monkeys although the small blood vessels were as packed with marginated red cells containing parasites (Jarvis et ai, 1972). It is likely that factors other than plugging of capillaries contribute to tissue damage in human falciparum malaria. Reactive oxygen intermediates may be playing this role.
As in endotoxicity, the most important mediators may be interleukin 1, Tumor Necrosis Factor (TNF) or cachectin (10), Glucocorticoid Antagonising Factor (GAF), and prostanoids such as thromboxane A2 (TXA2). Interleukin 1 appears to be identical to endogenous pyrogen (11) , and serum amyloid-A (SAA)inducer of malaria (12) . Thus this mediator could account for the fever and for the increase in SAA of malaria (13) . TNF depresses haemopoeisis (14) , and GAF blocks induction of the regulatory enzymes of gluconeogenesis by corticosteroids (15) . TXA2 probably initiates the haemodynamic changes of endotoxic shock (16) . If this concept is accepted it would explain the contrasts in parasite densities at which these events occur in different host species, since this correlates well with their susceptibilities to the harmful effects of endotoxin (17) .
The events in blackwater fever could be explained on the basis of reactive oxygen intermediates (free oxygen radicals).
These can cause endothelial damage and lyse red cells intravascularly (18) . The functional result is microcirculatory disturbances and intravascular haemolysis. The association between intravascular haemolysis and acute renal failure is well known. deposited on the basement membrane and in the mesangium. Deposition results in nephropathy, of which two forms are recognised: i) transient nephritis ii) quartan malaria nephropathy The essential difference between these is the potential of quartan malaria. nephropathy to progress. Transient nephritis resolves spontaneously within 3-5 weeks and is the time-honoured phenomenon of "febrile albuminuria".
Soluble complex deposition

Transient Nephritis
Febrile proteinuria occurs in many infections and is not confined to malaria. It occurs during the antigenelimination phase of the illness and represents a reac-Kibukamusoke tion due to vasoactive intermediaries released by the deposition of soluble immune complexes on the basement membrane and in the mesangium. There is ample evidence of IgM soluble complex deposition during this phase of illness and the resulting Mesangial -IgM disease of good prognosis. This entity is becoming more and more widely recognised (19) .
Although the incidences of transient nephritis (febrile proteinuria) differs in different types of human malaria, it is most prevalent in P. malariae infections. It is however important to realise that it occurs in all types of plasmodial (malaria) infections and behaves in a similar way (20) . All evidence suggests that it resolves completely in 3-5 weeks.
Quartan Malaria Nephropathy
Although there is one report of progressive glomerulonephritis due to falciparum malaria (21) , there is considerable doubt whether the occurrence of progressive glomerulonephritis was not fortuitous. All similar cases I have studied personally have had double infections of P. malariae and P. falciparum. As the latter produces heavier parasitaemias and the former may present light and intermittent parasitaemias (20) , this problem may never be solved until specific monoclonal antisera become widely available for antigen characterisation in biopsy material. For the present however, the evidence is against falciparum causing progressive glomerulonephritis. The evidence for progression in quartan malarial nephropathy, however, is overwhelming (20, 22) and requires no repetition.
Importance of Malarial Nephropathy as a human problem
Quartan malaria is numerically the most frequent cause of the nephrotic syndrome and nephropathy in the world (23) . Its potential for progression makes it one of the most important causes of loss of manpower in adolescents and young adults. Occurring as it does in areas where life expectancy does not usually exceed 40 years, it imposes a heavy burden on developing societies that can ill afford the high cost of diagnosis and treatment of chronic renal failure resulting from this disease (23) .
Malaria is not the only cause of a high incidence of progressive nephropathy, but is an important cause where it exists, and may play an "indirect role" in the establishment of other cases not directly caused by it. This is because important host factors include an abnormal immunological background (22) .
Importance of chronic renal failure in malaria
In a personal follow up of over six hundred cases at Mulago Hospital in Uganda over a ten year period a very grim prognosis revealed itself. Although a handful resolved, some spontaneously, most established cases progressed relentlessly. Elimination of parasitaemia did not influence the course of the disease directly, because the mechanism of glomerular injury is irnrnunoloqicat rather than direct parasite act ion. Continued prophylaxis however, led to regression of nephropathy in several less severe casesparticularly the young. This however meant rigorous surveillance for a year or more, with prohibitive cost implications both to the individual and to the community. Abscondment was therefore inevitable, compliance low, and so was cost-effectiveness. Progression was relentless once the disease was well established. Yet both the treatment of hypertension and of chronic renal failure (by dialysis or transplantation) are almost beyond the realms of possibility in developing countries. The situation is even more desperate when one considers the young age at which these complex forms of treatment become necessary and the excessive number of patients who require therapy (20, 23) .
